• Most Americans fail to meet recommendations for diet quality, with disparities evident by race/ethnicity, socioeconomic status, and use of nutrition assistance programs.
Introduction
Scientific interest in dietary patterns and the relationship between diet and disease has persisted for centuries [1] . During much of the 19th century, concerns regarding diet centered on the high prevalence of malnutrition, with a clear income gradient evident. Those living in abject poverty, often in urban centers that grew rapidly because of industrialization, were most affected. With increasing recognition of vitamin deficiencies and government-mandated vitamin fortification of foods such as bread, prevalence of "undernutrition" dramatically fell [1] . By the end of the 20th century, in industrialized countries, interest in the link between diet and disease was rekindled, except that the concern was "overnutrition," reflected in equally dramatic increases in the prevalence of overweight and obesity [1] . The Scientific Report of the 2015 US Dietary Guidelines Committee confirms that we still don't eat a healthful diet [2] . Food insecurity remains a problem for low-income families, but the greatest challenge is poor dietary quality. In the US, nearly all people fail to consume recommended amounts of whole grains; 80% and 90% do not eat enough fruits and vegetables, respectively [2] . In contrast, 70% of the US population eats more saturated fat and refined grains than recommended, and 90% consumes too much added sugar [2] .
Poor diet quality is strongly patterned by socioeconomic status (SES). In a recent US study examining trends in dietary quality from 1999 to 2010, lower-income individuals consumed lower-quality foods, as measured by the Alternate Healthy Eating Index 2010 score, than higher-income individuals [3] . Notably, income disparities in dietary quality widened over this period, with some improvements for higher-income individuals alone. These disparities are also evident when comparing participants in nutrition assistance programs to nonparticipants. In a study of low-income individuals from 1999 to 2008, Supplemental Nutrition Assistance Program (SNAP, "food stamp") participants had lower dietary quality and consumed fewer whole grains and more red meat, potatoes, and fruit juice than nonparticipants [4] . Among women, SNAP participants consumed more sugar-sweetened beverages than nonparticipants [4, 5] .
In this essay, we discuss the specific role of physical access to food and the extent to which eliminating food deserts can improve dietary quality and decrease economic and racial/ethnic disparities in dietary quality. While a variety of factors contribute to income disparities in dietary quality, considerable attention has been focused on poor physical access to healthy foods leading to "food deserts." The White House Task Force on Childhood Obesity explicitly considered the existence of "food deserts" (see Box 1 for a formal definition) as a contributor to poor nutrition in the US and advocated their elimination by 2017 [6] . The World Health Organization has advocated similar approaches [7] . Meanwhile, a small fraction (23.5 million, approximately 7% of the population) of Americans live in food deserts; even fewer live in food deserts without access to a privately owned car (2.3 million) [8] . Yet, there appears to be governmental enthusiasm for developing programs and regulations to eliminate food deserts. For instance, the US Departments of Agriculture, Health and Human Services and Treasury joined together to develop the Healthy Food Financing Initiative (HFFI) to "improve access to healthy, affordable foods" in food deserts [9] , committing US$50 million in federal money for HFFI, with other substantial federal support through tax credits and community economic development grants to fund healthy food options in food deserts. Pennsylvania, Louisiana, and New York undertook large-scale programs to bring healthy food to low-income communities, with US$30 million in public funds in Pennsylvania alone, matched by nearly US$120 million in private funds [10] . These governmental programs provided funding to catalyze public-private partnerships leading to the construction of supermarkets and grocery stores in food deserts.
The Food Environment and Diet: What's the Evidence?
Food deserts refer to low-income geographic areas that lack access to a supermarket or large grocery store. Eliminating food deserts could improve diet either by providing access to healthy foods for individuals seeking those foods but with prior poor access or by generating demand within communities that had limited exposure to healthy foods. In contrast, living Box 1. What Is a Food Desert?
The US Department of Agriculture considers a census tract to be a food desert if it is low income (poverty rate greater than or equal to 20% or median family income at 80% or lower of the area median family income) and at least one-third of tract residents live more than 1 mile away (or 10 miles away in the case of rural areas) from a supermarket or large grocery store [11] . near fast-food restaurants might lead to poor diet quality because of enhanced access to the foods sold there; restricting access to these locations might improve diet by making this food less available. It has been shown that while area poverty was not an independent predictor of access to fast food restaurants, predominantly black neighborhoods had closer access to fast food restaurants [12] . Meanwhile, evidence from longitudinal studies has raised substantial doubt about the connection between food access and health [13] [14] [15] [16] . In these studies, no consistent relationship emerged between the food environment and body weight, for adults or children. Even studies commonly cited as providing evidence for an association between the food environment and body weight or unhealthy food consumption have found only small associations that may not demonstrate a notable public health or clinical impact [17] [18] [19] . For example, in a study using birth certificates from over 3 million pregnant women, living within 0.5 miles of a chain fast-food restaurant was associated with 50 grams of extra gestational weight gain compared to women without this exposure [18] .
Four quasi-experimental studies have found similar results. One study examined the effect of a new supermarket in a Philadelphia food desert [20] . After opening, just over half of the residents of the neighborhood with the new supermarket used the supermarket for shopping; about a quarter of the residents used it as their primary source for food shopping. When compared to residents of a control neighborhood that was also a food desert, the new supermarket was associated with a perception of improved food access among residents in that neighborhood, but it was not associated with any improvements in fruit/vegetable intake or changes in BMI. A study in New York City examined the availability and intake of healthy foods before and after a new supermarket was built in a food desert [21] . Only 13% of participants in the neighborhood with the new supermarket reported shopping there, and its opening was not associated with an improvement in the availability or intake of healthy foods compared to residents of a control neighborhood. A study of a new supermarket in a Pittsburgh food desert found more positive results [22] . Residents of the neighborhood with a new supermarket had notable reductions in calories in added sugars after the opening of the supermarket, compared to the control neighborhood; there were no changes in BMI or whole grain, fruit, and vegetable intake. However, among the two-thirds of residents in the intervention community who shopped in the new store regularly, there were no improvements, beyond perceptions of healthy food access, compared to residents who rarely if ever used the new store. Investigating the flip side to food deserts, a quasi-experimental evaluation of the 2008 ban on new fast-food restaurants in South Los Angeles found no effect of the ban on fast-food consumption or obesity rates when compared to other areas in Los Angeles county [23] .
Even if proximity to healthy food establishments were beneficial to health, can "healthy" food establishments be easily defined? While supermarkets typically devote more shelf space to fruits and vegetables than other food stores, unhealthy snack foods still dominate their shelves. One study in southern Louisiana and Los Angeles found that supermarkets had one-half to three-quarters more unhealthy snacks than fruit and vegetables in their stores; convenience stores and drug stores had 90% more of these unhealthy snacks than fruits and vegetables [24] . Supermarkets in low-income neighborhoods may offer even more unhealthy food [25] . Supermarkets also focus their advertising on unhealthy foods and strategically position them near the front of stores, at the ends of aisles, or at cash registers [26, 27] . This practice occurs even in the most highly acclaimed "healthy" supermarkets. In addition, supermarkets may offer less healthy canned and processed foods than some smaller food stores commonly considered to be "unhealthy," such as convenience stores and "dollar" stores [28] .
People may not shop within their own neighborhoods even when a supermarket is present [29] [30] [31] . In one study in France, only 30% of participants shopped for food at the supermarket closest to their home [31] . Even if low-income people have access to a supermarket, they may still buy unhealthy foods in greater proportion than people with higher income [32] . Factors beyond proximity, especially price, may be more important when choosing a food shopping location, and there is no evidence that simply increasing access to supermarkets enhances demand for healthier items.
With unhealthy dietary consumption so prevalent, initiatives that focus on a narrow, at-risk population such as those living in food deserts without cars (less than 1% of the US population) are likely to be less effective than alternate interventions that help families make better decisions regardless of where they live and which food establishments are near their homes. Rather than assuming that "if we build it, they will come" [33] and eat healthfully, why not focus solely on policies that have more face validity, especially those that directly target economic and racial/ethnic disparities in diet quality?
Toward Potential Solutions to Improve Diet among Low-Income Populations
Research on effective population-level strategies to improve diet remains limited. More evidence is needed to determine which interventions are best for specific populations, including low-income and minority populations that bear a greater burden of diet-related diseases. Here we discuss several feasible strategies that have the potential to lower disparities in diet quality more than eliminating food deserts.
Improvements in Child Care and School Nutrition Programs
Interventions in child care centers across both the US and Australia have demonstrated beneficial effects on diet, physical activity, screen time, and even body weight [34] [35] [36] [37] . For example, one Australian community-based intervention (nearly 2,500 intervention participants and over 30,000 control participants) with a strong child care center component was associated with a reduction in prevalence of overweight and obesity in the intervention community of 2.5% and 3.4% for 2-year-old children and 3.5-year-old children, respectively, compared to a 0.7% reduction for both age groups in control communities [36] . Children in the intervention communities also reduced their consumption of packaged snacks and fruit juice, and the day care centers there reported less unhealthy foods available on-site after the intervention [35] . However, studies on the effect of child care center interventions are mixed, with some studies, especially in Hispanic and black children, showing no effect [38, 39] .
School nutrition programs also might have some effect on the diets of children [7] . Because low-income children get more food from these programs than other children, a beneficial effect of improved nutrition standards should help lower disparities in dietary quality [40] . The US Department of Agriculture recently updated school nutrition standards, requiring the provision of healthier items in schools. These changes were required by the Healthy, Hunger-Free Kids Act of 2010. In four urban, low-income Massachusetts school districts, a recent study documented a 23% increase in selection of fruit and a 16% increase in consumption of vegetables after implementation of the new regulations [41] .
Population Educational Initiatives
The provision of easily accessible information at the point of sale could help consumers better understand the health consequences of their purchases in restaurants and food stores. Calorie menu labeling in chain food establishments, which will be implemented across the US in 2016, is a start, though evidence of effectiveness is rather limited at this point [42, 43] . Revisions of the Nutrition Facts label are forthcoming and will display calories and added sugar more prominently. Front-of-package labeling for food products may be implemented in the near future Yet, a recent study in Seattle provides evidence that we should be cautious about the potential for labeling to worsen disparities. In that study, adults reported using calorie information much more often to help guide their food purchases at restaurants following the introduction of a local calorie labeling law. However, disparities in use were present by income; those making more than US$75,000 per year were nearly twice as likely to report using calorie information compared to those making less than US$35,000 [44] . Thus, while further education is needed, greater attention should be focused on how to do so without worsening disparities.
Changes in Food Assistance Programs
Incentivizing healthy food purchases, or disincentivizing unhealthy purchases, in food assistance programs could decrease disparities in diet quality. In 2009, the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) made changes to encourage purchases of healthier foods, including adding more fruits and vegetables to the food packages the program financed. This change led retailers to stock more healthy foods [45] and was associated with a decline in juice purchases (24%) and whole milk (50%) and an increase in fresh fruits and vegetables (29% and 18%) and whole grains (3-fold increase in 100% whole grain bread, 5-fold increase in brown rice) [46] [47] [48] [49] . SNAP, commonly referred to as the food stamp program, could do the same if the purchase of healthy foods were incentivized by increasing the value of vouchers for those families who buy more healthy foods. The Healthy Incentive Pilot, sponsored by the US Department of Agriculture, tested this concept in a study in western Massachusetts [50] . The study included all SNAP participants in one county, with 7,500 households randomized to receive US$0.30 cash back for every US$1 spent on fruits and vegetables; the other 47,595 families in the county received traditional benefits. After one year, those receiving the incentive reported consuming one-fourth of a cup more per day of fruits and vegetables and spent about US$1.19 more per month on fruits and vegetables than the control group. These higher expenditures were determined based on purchasing data from supermarkets and superstores participating in the SNAP program. Self-reported expenditures for fruits and vegetables showed a larger effect with US$78.1 versus US$72.02 spent, respectively, for intervention versus control families. Organizations such as Wholesome Wave, which operates in 31 states and the District of Columbia and caters to approximately 40,000 families, have taken this concept further, providing dollar-for-dollar matches when customers use their SNAP benefits to purchase fruit and vegetables at farmer's markets [51] . Reviews of studies examining the effect of lower prices (or subsidies) for fruit and vegetables have found a generally positive effect on consumption, with some evidence of lower weight after the introduction of subsidies [52, 53] .
The benefit of healthy food subsidies is generally modest and may be amplified in the SNAP population if SNAP vouchers could not be used for unhealthy foods such as sugar-sweetened beverages. Simulation studies have found that banning the use of SNAP dollars for sugarsweetened beverages could be cost effective (savings of nearly US$3,000 per quality-adjusted life year saved) and could modestly reduce rates of diabetes, cardiovascular disease, and obesity with an expected 15% decline in calories from sugar-sweetened beverages [54, 55] . These simulations also found that fruit and vegetable subsidies in SNAP could lead to reductions in cardiovascular death, but not obesity, and may lead to greater consumption of fruits and vegetables, similar to what was found in the Healthy Incentive Pilot.
As with investigations of changes to the WIC [5, [46] [47] [48] [49] , supermarkets are a natural partner for gathering evidence regarding dietary interventions and policies, especially for participants in food assistance programs. Most people, including low-income individuals and families, use supermarkets as a major source of food shopping [29, 30] . Many of the larger supermarket chains offer loyalty cards that have been leveraged in prior investigations of policy changes. In the era of "Big Data," in which large-scale data sources are being used for population health, clinical epidemiology, genetics, and surveillance initiatives [7, 56] , supermarkets could be encouraged to make their "Big Data" available for use in a responsible and helpful fashion, such as for policy evaluation and targeted interventions. Clinical institutions also might partner with supermarkets to better engage their patients in health education at the point when they are making dietary choices [57] .
Taxing Unhealthy Food
Taxing unhealthy foods such as sugar-sweetened beverages (SSBs) may have important benefits for dietary quality [52, 53] . Based on simulation models using supermarket scanner data in the US, these taxes would likely decrease obesity rates of lower-income populations more because of higher consumption in this population. These models predict that overall overweight and obesity rates would decline modestly from taxes, with reductions in daily calorie intake of 24 to 34 calories [58] [59] [60] . These taxes would be economically regressive, costing low-income individuals more, but this additional cost may be offset by the greater health benefit on this population. Data on the outcomes of these policies are not always consistent. In a United Kingdom modeling study, SSB taxes demonstrated regressivity but no greater decline in overweight and obesity rates among low-income individuals [61] . While acknowledging the potential economic challenges, the World Health Organization has endorsed the use of fiscal policies to improve dietary quality [62] . Advertising restrictions on unhealthy foods, especially for kids, may work in concert with fiscal policies.
Conclusion
Addressing disparities in dietary quality may have important payoffs for the health of the population: we should promote policies and programs to support these changes while studying their effectiveness. These strategies do not preclude the elimination of food deserts but rather build a necessary infrastructure to promote healthy food consumption, in any neighborhood. Many reasons, such as economic and social justice, exist to support such initiatives and to remedy the lack of healthy food availability in low-income communities. We just should not expect the reduction of food deserts to have much impact on the prevailing health crisis of our time. We need to focus our efforts on initiatives more likely to improve dietary quality and decrease disparities.
Author Contributions
Wrote the first draft of the manuscript: JB. Contributed to the writing of the manuscript: JB SVS. Agree with the manuscript's results and conclusions: JB SVS. All authors have read, and confirm that they meet, ICMJE criteria for authorship.
